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In	an	era	where	speed,	precision,	and	seamless	automation	are	no	longer	optional	but	essential,	linear	motors	are	transforming	the	way	machines	move,	literally.	But	how	does	a	linear	motor	work	beneath	its	sleek,	silent	performance?	Unlike	conventional	motors	that	spin,	linear	motors	produce	direct,	straight-line	motion	without	the	need	for	gears,
screws,	or	mechanical	conversions.	This	unique	capability	not	only	reduces	friction	and	wear	but	also	unlocks	new	possibilities	in	high-performance	applications	across	industries.	In	this	article,	we’ll	take	you	inside	the	engine	of	modern	automation,	exploring	the	core	principles,	components,	and	real-world	operation	of	linear	motors,	and	why	they’re
becoming	indispensable	in	advanced	engineering	solutions.	What	Is	a	Linear	Motor?	A	linear	motor	is	an	electric	motor	that	generates	motion	in	a	straight	line	rather	than	rotational	motion.	Unlike	traditional	motors	that	rely	on	mechanical	components	to	convert	rotation	into	linear	displacement,	linear	motors	eliminate	intermediate	mechanisms,
providing	direct,	precise,	and	high-speed	movement.	If	you’re	wondering	what	is	a	linear	motor,	it’s	essentially	a	rotary	motor	“unrolled”	and	laid	flat,	allowing	the	moving	part	(the	forcer)	to	glide	along	a	linear	track	powered	by	electromagnetic	force.	Linear	Motor	4	Key	Components	of	a	Linear	Motor	To	fully	grasp	how	does	a	linear	motor	work,	it’s
essential	to	understand	the	core	components	that	enable	its	precise	and	frictionless	motion.	Although	designs	may	vary	across	motor	types,	most	linear	motors	share	the	following	fundamental	elements:	1.	Stator	(Primary	Part)	The	stator	contains	coils	of	wire	through	which	electric	current	flows.	This	section	generates	the	traveling	magnetic	field
that	drives	the	linear	motion.	In	most	configurations,	the	stator	is	the	stationary	part,	mounted	along	the	machine’s	base.	2.	Forcer	or	Slider	(Secondary	Part)	Also	known	as	the	moving	part	or	armature,	the	forcer	reacts	to	the	magnetic	field	generated	by	the	stator.	It	contains	magnets	or	coils	(depending	on	motor	type)	and	moves	linearly	in
response	to	electromagnetic	forces.	In	some	designs,	the	slider	moves	while	the	stator	remains	still;	in	others,	it’s	the	opposite.	3.	Linear	Guide	or	Track	To	ensure	precise	movement	and	mechanical	support,	a	linear	guide	system	is	often	used	alongside	the	motor.	This	helps	maintain	alignment	and	reduces	the	risk	of	mechanical	instability	during
high-speed	motion.	4.	Feedback	System	(Encoder)	High-performance	linear	motors	typically	integrate	a	linear	encoder,	a	sensor	that	constantly	monitors	the	position	of	the	moving	part.	This	feedback	allows	for	closed-loop	control,	ensuring	pinpoint	accuracy,	synchronization,	and	repeatability.	These	components	work	in	harmony	to	deliver	smooth,
direct	motion	without	the	need	for	traditional	transmission	elements	like	gears,	belts,	or	screws.	Together,	they	form	the	backbone	of	what	makes	linear	motors	a	powerful	solution	in	modern	automation.	Understanding	this	fundamental	concept	is	essential	before	diving	deeper	into	how	does	a	linear	motor	work,	which	we’ll	explore	in	the	next
section.	The	Core	Principle	Behind	Linear	Motor	Operation	To	understand	how	does	a	linear	motor	work,	we	need	to	look	at	the	fundamental	principle	that	drives	it:	electromagnetic	force	applied	in	a	straight	line.	At	its	core,	a	linear	motor	operates	on	the	same	principle	as	a	traditional	rotary	motor	—	Lorentz	force	—	but	instead	of	generating
rotational	torque,	it	creates	direct	linear	thrust.	When	current	flows	through	the	motor’s	stator	coils,	it	interacts	with	the	magnetic	field,	producing	a	traveling	magnetic	wave.	This	wave	propels	the	moving	part	(the	forcer	or	slider)	along	a	straight	path.	Think	of	it	as	unfolding	a	rotary	motor	and	laying	it	flat.	The	circular	magnetic	rotation	becomes	a
linear	magnetic	wave	that	“pulls”	or	“pushes”	the	forcer	along	the	axis.	This	conversion	eliminates	the	need	for	screws,	belts,	or	gears,	reducing	mechanical	losses	and	enabling	faster,	more	precise	motion.	This	elegant	mechanism	is	what	makes	precision	linear	motors	ideal	for	applications	requiring	high-speed,	high-accuracy,	and	low-maintenance
motion,	qualities	increasingly	demanded	in	today’s	automation-driven	world.	Linear	motors	come	in	several	different	types,	each	designed	to	meet	specific	application	requirements	in	terms	of	speed,	force,	precision,	and	structure.	Understanding	these	variations	is	key	to	seeing	how	does	a	linear	motor	work	across	industries.	1.	Iron-Core	Linear
Motors	These	are	among	the	most	powerful	and	commonly	used	linear	motor	types	in	heavy-duty	applications.	How	they	work:	An	iron-core	linear	motor	consists	of	copper	windings	wrapped	around	laminated	iron	cores.	When	electrical	current	is	applied,	these	windings	interact	with	permanent	magnets	mounted	on	the	track,	producing	strong
electromagnetic	force	that	propels	the	slider.	The	iron	core	acts	as	a	magnetic	conduit,	amplifying	thrust	while	maintaining	compact	size.	IronCore	Linear	Motors	Advantages	&	Use	Cases:	High	continuous	and	peak	force	capabilities	Efficient	thermal	performance	due	to	strong	magnetic	coupling	Ideal	for	CNC	machines,	plastic	injection	systems,	and
automation	lines	where	brute	force	and	durability	matter	Downsides	include	potential	cogging	and	higher	mass,	which	can	affect	motion	smoothness	This	type	is	a	textbook	case	of	how	does	a	linear	motor	work	when	power	and	force	take	priority.	2.	Ironless	(Air-Core)	Linear	Motors	Designed	for	finesse	and	speed,	ironless	motors	deliver	motion	with
virtually	zero	friction	or	ripple.	How	they	work:	Unlike	iron-core	variants,	air-core	linear	motors	have	no	ferromagnetic	material	in	the	moving	part.	Instead,	coils	are	suspended	between	two	magnet	tracks,	“floating”	in	a	magnetic	field.	As	current	flows	through	the	coils,	the	resulting	force	drives	the	slider	without	any	cogging	or	magnetic	pull.
Ironless	(Air-Core)	Linear	Motors	Advantages	&	Use	Cases:	Exceptionally	smooth	and	precise	motion	Low	moving	mass	enables	rapid	acceleration	and	deceleration	Extremely	low	heat	generation	and	electromagnetic	interference	Common	in	cleanroom	environments	such	as	semiconductor	fabs,	medical	devices,	and	optical	inspection	systems	These
motors	are	the	best	demonstration	of	how	does	a	linear	motor	work	when	micro-precision	and	responsiveness	are	top	priorities.	3.	Tubular	Linear	Motors	When	compactness	meets	symmetry,	tubular	linear	motors	offer	the	best	of	both	worlds.	How	they	work:	Tubular	motors	feature	a	cylindrical	design	with	a	rod	containing	permanent	magnets	(the
thrust	rod)	inside	a	coil	assembly.	When	energized,	the	coils	generate	a	magnetic	field	that	pushes	or	pulls	the	rod	in	a	straight	line.	The	round	geometry	enables	uniform	force	application	in	all	directions,	reducing	side	loads	and	improving	mechanical	balance.	Advantages	&	Use	Cases:	Space-saving	design	with	high	force	density	Ideal	for
pushing/pulling	actions	in	tight	spaces	Used	in	robotics,	vertical	actuators,	medical	pumps,	and	fast	packaging	systems	Their	simplicity	and	efficiency	offer	a	compact	and	elegant	answer	to	the	question,	how	does	a	linear	motor	work	in	space-constrained	environments.	4.	Ironless	Vacuum	Linear	Motors	Engineered	for	ultra-clean	environments,
Ironless	Vacuum	Linear	Motors	bring	cutting-edge	performance	to	semiconductor	and	high-vacuum	applications.	How	they	work:	Similar	in	principle	to	standard	ironless	motors,	these	vacuum-compatible	models	are	specially	designed	for	ultra-high	vacuum	(UHV)	or	clean	environments.	The	motor	components	are	manufactured	using	vacuum-rated
materials	and	processes	that	minimize	outgassing,	while	still	providing	frictionless	and	cog-free	linear	motion.	Where	they	shine:	Semiconductor	wafer	handling	systems	Vacuum	chambers	and	particle	accelerators	Flat	panel	display	manufacturing	and	high-end	inspection	equipment	By	combining	high-speed	precision	with	contamination-free
operation,	this	motor	is	a	premium	demonstration	of	how	does	a	linear	motor	work	in	the	most	demanding,	sterile	conditions.	As	part	of	ITG’s	expanding	product	lineup,	it	highlights	our	commitment	to	future-forward	motion	solutions.	Real-World	Examples:	How	Linear	Motors	Work	in	Applications	Understanding	how	does	a	linear	motor	work
becomes	even	clearer	when	we	look	at	how	these	systems	power	real-world	technologies	across	industries.	From	manufacturing	lines	to	medical	robots,	linear	motors	play	a	critical	role	in	delivering	precise,	fast,	and	reliable	motion.	Here	are	a	few	standout	examples:	1.	Semiconductor	Manufacturing	In	chip	fabrication,	even	the	smallest	vibration
can	ruin	a	microscopic	circuit.	That’s	why	ironless	linear	motors,	known	for	their	ultra-smooth,	cog-free	motion,	are	widely	used	in	wafer	steppers	and	lithography	machines.	How	does	a	linear	motor	work	here?	The	motor	enables	nanometer-level	positioning	of	silicon	wafers	by	translating	electrical	energy	directly	into	smooth	motion,	without	needing
mechanical	transmission	components.	This	reduces	particle	generation	and	ensures	cleanroom	compatibility.	2.	High-Speed	Packaging	Lines	In	consumer	goods	packaging,	speed	and	synchronization	are	everything.	Linear	motors	allow	packaging	heads,	cutters,	or	pick-and-place	systems	to	move	rapidly	and	independently	along	a	production	line.	It
moves	actuators	along	a	magnetic	track	with	near-zero	lag	time,	adjusting	speeds	dynamically	in	real	time.	This	flexibility	increases	throughput	while	maintaining	product	alignment	and	accuracy.	3.	MRI	and	Medical	Imaging	Systems	Medical	equipment	often	requires	precise,	quiet,	and	vibration-free	motion,	particularly	when	scanning	sensitive
parts	of	the	body.	How	does	a	linear	motor	work	in	MRI	scanners?	It	provides	smooth,	controlled	movement	of	imaging	tables	and	gantries,	reducing	noise	and	improving	patient	comfort.	The	absence	of	mechanical	gears	or	belts	eliminates	maintenance	and	contamination	risks.	4.	Automated	Inspection	and	Metrology	In	quality	control	systems,
camera	or	sensor	heads	must	move	quickly	and	consistently	across	parts	being	inspected.	By	using	feedback-controlled	linear	motors,	inspection	systems	can	reposition	with	micron-level	repeatability	–	ideal	for	industries	such	as	electronics,	aerospace,	and	precision	optics.	5.	Vacuum	&	Cleanroom	Applications	(ITG	Ironless	Vacuum	Motors)	In	high-
vacuum	environments	like	particle	accelerators	or	OLED	fabrication	lines,	contamination-free	motion	is	critical.	ITG’s	Ironless	Vacuum	Linear	Motors	are	specifically	built	for	this.	Vacuum-rated	materials	and	a	sealed,	ironless	design	ensure	that	no	particles	are	released	during	motion.	The	result:	precise,	long-term	motion	in	sensitive	environments	–
without	mechanical	degradation.	These	real-world	cases	clearly	illustrate	how	does	a	linear	motor	work	across	a	spectrum	of	high-performance	applications.	Whether	it’s	speed,	precision,	or	cleanliness,	linear	motors	have	become	a	cornerstone	of	modern	engineering	and	automation.	Why	ITG	Is	Your	Trusted	Partner	in	Linear	Motor	Solutions
Choosing	the	right	partner	for	your	linear	motion	systems	can	define	the	success	of	your	automation	strategy.	At	ITG,	we	go	beyond	simply	supplying	motors	–	we	deliver	precision-driven	solutions	designed	for	demanding,	high-performance	environments.	Cutting-Edge	Product	Portfolio:	ITG	offers	a	comprehensive	range	of	linear	motor	technologies,
including	iron-core,	ironless,	and	the	newly	launched	Ironless	Vacuum	Linear	Motor.	This	latest	addition	is	specifically	engineered	for	ultra-clean,	high-vacuum	environments,	making	it	ideal	for	advanced	semiconductor,	medical,	and	precision	automation	applications.	Tailored	Engineering	Solutions:	We	understand	that	every	application	has	its	own
challenges.	That’s	why	ITG	provides	customized	engineering	services	and	application-specific	motor	designs.	Our	team	works	closely	with	your	engineers	to	co-create	solutions	that	ensure	compatibility,	efficiency,	and	long-term	performance.	Built	for	Reliability	and	PrecisionI:	ITG	motors	are	developed	with	meticulous	attention	to	quality	and
performance.	Designed	for	continuous	operation	and	micrometer-level	accuracy,	our	linear	motors	are	trusted	in	industries	where	precision,	speed,	and	reliability	are	non-negotiable.	Global	Reach,	Local	Support:	With	a	strong	foundation	in	engineering	excellence	and	a	growing	global	presence,	ITG	combines	innovation	with	accessibility.	From	pre-
sales	consultation	to	after-sales	technical	support,	our	team	is	committed	to	helping	customers	optimize	performance	at	every	stage.	Investing	in	the	Future	of	Motion:	Innovation	is	at	the	core	of	everything	we	do.	ITG	continues	to	invest	in	R&D	to	pioneer	smarter,	more	efficient	linear	motor	technologies.	We’re	not	only	responding	to	the	demands	of
modern	automation,	we’re	helping	shape	its	future.	When	it	comes	to	linear	motor	expertise	and	innovation,	ITG	is	the	partner	you	can	trust.	Let	us	help	you	turn	precision	motion	into	competitive	advantage.	Conclusion	In	summary,	understanding	how	does	a	linear	motor	work	is	key	to	unlocking	its	full	potential	across	a	wide	range	of	industries.
From	precise	positioning	in	semiconductor	manufacturing	to	contamination-free	operation	in	vacuum	environments,	linear	motors	offer	unmatched	performance	and	reliability.	With	ITG’s	advanced	technologies	and	tailored	solutions,	you	can	confidently	harness	the	power	of	linear	motors	to	drive	innovation	and	efficiency	in	your	applications.	Choose
ITG	as	your	trusted	partner	and	experience	the	difference	that	cutting-edge	linear	motor	expertise	can	make.	A	linear	motor	is	a	type	of	electric	motor	that,	rather	than	generating	rotary	motion,	produces	linear	motion,	moving	the	element	along	a	straight	or	curved	path.	Unlike	conventional	motors,	which	rotate	around	an	axis,	linear	motors	operate
in	only	one	dimension,	allowing	for	more	precise	and	direct	motion	control.The	operation	of	a	linear	motor	is	based	on	the	Lorentz	principle,	where	the	force	applied	on	the	object	is	determined	by	the	interaction	between	the	electric	current	and	the	magnetic	field.	In	this	mode,	the	force	is	proportional	to	both	the	intensity	of	the	current	and	the
magnetic	field	generated	by	the	magnets.	This	allows	the	motor	to	provide	efficient	and	controlled	motion	without	the	need	for	mechanical	transmission	components	such	as	gears	or	belts.How	does	a	linear	motor	work?Linear	motors	operate	under	the	same	basic	principle	as	traditional	electric	motors,	but	instead	of	generating	rotary	motion,	they
produce	direct	linear	motion.In	a	linear	motor,	electric	current	passes	through	a	series	of	windings	that	generate	a	magnetic	field.	This	field	combines	with	a	permanent	magnet	or	electromagnet	located	in	the	stationary	part,	creating	an	attractive	or	repulsive	force	that	moves	the	active	part	of	the	motor	along	a	straight	path.The	main	difference
between	a	rotary	motor	and	a	linear	motor	is	the	way	the	magnetic	field	and	current	are	distributed.	In	a	conventional	motor,	the	magnetic	field	rotates	around	an	axis,	while	in	a	linear	motor,	this	field	is	"spread	out"	along	a	line,	allowing	the	moving	object	to	travel	in	a	straight	line	without	the	need	for	transmission	components	such	as	gears,	chains
or	belts.The	design	of	linear	motors	also	allows	for	highly	precise	and	efficient	motion,	with	reduced	friction	due	to	the	absence	of	complex	moving	parts.	This	makes	them	ideal	for	applications	such	as	magnetic	levitation	train	systems,	high-speed	elevators,	and	precision	machinery	in	industry.Furthermore,	they	can	be	low	or	high	acceleration,
depending	on	the	application,	as	in	linear	motors	used	in	transportation	or	in	high-speed	electromagnetic	weapons	systems.Types	of	linear	motorsLinear	motors	can	be	classified	into	four	different	types:1.	Linear	induction	motorIn	the	design	of	linear	induction	motors,	the	force	is	produced	by	moving	a	linear	magnetic	field	acting	on	conductors	in	the
field.	Eddy	currents	will	be	induced	in	any	conductor	placed	in	this	field.Conductors	can	be,	for	example,	a	coil,	a	coil	or	simply	a	piece	of	metal.	These	eddy	currents	create	an	opposing	magnetic	field,	as	determined	by	Lenz's	law.	The	two	opposing	magnetic	fields	repel	each	other,	creating	motion	as	the	magnetic	field	sweeps	across	the	metal.2.
Synchronous	linear	motorsElectronic	devices	are	commonly	used	in	the	design	of	synchronous	linear	motors.	These	devices	control	the	speed	of	travel	of	the	magnetic	field	to	regulate	the	motion	of	the	rotor.Linear	synchronous	motors	rarely	use	commutators	in	order	to	reduce	costs.	For	this	reason,	the	rotor	often	contains	permanent	magnets,	or	a
soft	iron	core.	Examples	of	such	motors	are	coilguns	and	motors	used	in	Maglev	systems	.3.	Homopolar	linear	motorsIn	homopolar	linear	motors,	a	high	current	is	passed	through	a	metal	sabot	by	sliding	contacts.	These	contacts	are	powered	from	two	rails.	This	action	produces	a	magnetic	field	that	causes	the	metal	to	be	projected	along	the	rails.4.
Piezoelectric	linear	motorsA	piezoelectric	motor	is	a	common	type	of	motor	that	uses	electricity	to	produce	vibrations	to	produce	linear	or	rotary	motion.A	mobile	phone	recreates	a	similar	effect	when	moving	due	to	vibrations	when	receiving	a	call.Piezoelectric	motors	are	very	powerful	in	slow	motion,	but	can	also	be	very	fast,	have	very	few	parts,	do
not	require	lubrication	and	are	very	energy	efficient.	The	disadvantage	is	that	they	cannot	rotate	freely	when	stopped.Examples	of	linear	motorsMagnetic	levitation	trains	(Maglev)Magnetic	levitation	(Maglev)	trains	are	a	prominent	example	of	the	use	of	linear	motors.In	these	systems,	such	as	the	Shanghai	Transrapid,	trains	have	no	physical	contact
with	the	tracks	thanks	to	a	magnetic	levitation	system,	which	eliminates	friction	and	allows	trains	to	reach	very	high	speeds,	over	400	km/h.The	linear	motor	in	these	trains	generates	frictionless	propulsion,	increasing	energy	efficiency	and	reducing	wear,	allowing	for	faster	and	cleaner	transportation.The	AirTrain	at	JFK	Airport	in	New	York	is	an
example	of	a	system	that	uses	linear	motors	on	conventional	metal-wheeled	trains.	Although	it	does	not	use	magnetic	levitation,	the	linear	motor	provides	smooth	and	efficient	movement	for	transporting	passengers	within	the	airport.The	system	enables	smooth	acceleration	and	deceleration,	improving	user	experience	and	reducing	operating	costs
compared	to	traditional	combustion	engines.Light	railLight	rail	lines,	such	as	those	in	Vancouver,	Toronto	and	Kuala	Lumpur,	deploy	linear	motors	to	improve	the	efficiency	of	urban	transport.	These	motors	allow	trains	to	move	more	smoothly,	without	friction	between	the	tracks	and	the	vehicle,	resulting	in	greater	energy	efficiency	and	lower	noise
emissions,	which	is	especially	important	in	densely	populated	urban	environments.In	addition,	train	maintenance	is	reduced	due	to	less	wear	on	moving	parts.In	the	case	of	the	Tokyo	Metro's	Toei	Oedo	Line,	linear	motors	are	used	in	some	of	its	more	modern	trains.	These	motors	provide	more	efficient	propulsion	compared	to	conventional	direct
current	systems.The	advantage	of	these	motors	is	that	they	offer	smoother	and	more	precise	operation,	which	improves	the	quality	of	service	and	reduces	the	level	of	vibrations	and	noise	in	trains,	contributing	to	a	more	comfortable	travel	experience	for	passengers.Roller	coastersSome	roller	coasters	such	as	Kingda	Ka	(Six	Flags)	use	linear	motors	to
provide	a	fast	and	exciting	initial	boost.	These	linear	motors	allow	the	coasters	to	accelerate	in	fractions	of	a	second,	reaching	impressive	speeds	in	a	very	short	time.This	propulsion	system	is	much	faster	and	more	efficient	than	traditional	catapult	and	chain	systems,	which	improves	the	passenger	experience	by	providing	a	feeling	of	speed	and
adrenaline	from	the	start	of	the	ride.Vertical	elevators	for	mining	shaftsThe	proposed	vertical	lifts	for	mine	shafts	are	designed	to	transport	materials	or	people	from	great	depths.	The	use	of	linear	motors	has	been	proposed	for	these	systems	due	to	their	ability	to	move	loads	smoothly	and	efficiently	under	extreme	conditions.Linear	motors	would	be
ideal	for	this	type	of	application,	as	they	provide	more	precise	and	safer	movement,	reducing	wear	and	vibration,	crucial	elements	in	the	challenging	environment	of	mines.Cargo	transportation	systemLinear	motor	conveyor	systems	are	common	in	factories	and	warehouses.	These	systems	allow	materials	to	be	moved	accurately	and	efficiently,	with
less	need	for	maintenance	than	traditional	wheel	and	chain-based	systems.Linear	propulsion	allows	products	to	move	quickly	along	production	lines	or	between	warehouses,	without	friction	and	with	more	precise	control	of	movement,	improving	productivity	and	reducing	operating	costs.Levitation	system	for	futuristic	vehiclesThe	maglev	autonomous
vehicles	being	investigated	use	linear	motors	to	propel	themselves	without	contact	with	the	ground.	Such	vehicles	would	use	a	combination	of	magnetic	levitation	and	linear	motors	to	move	efficiently	and	friction-free.Although	still	in	development,	this	system	has	the	potential	to	transform	futuristic	transportation	by	offering	fast,	safe	and	wear-free
movement,	eliminating	the	need	for	traditional	roads	and	reducing	congestion.Author:	Oriol	Planas	-	Technical	Industrial	EngineerPublication	Date:	March	13,	2017Last	Revision:	February	24,	2025	Electric	motor	that	produces	a	linear	force	Free-body	diagram	of	a	U-channel	synchronous	linear	motor.	The	view	is	perpendicular	to	the	channel	axis.
The	two	coils	at	centre	are	mechanically	connected,	and	are	energized	in	"quadrature"	(meaning	a	phase	difference	of	90°	(π/2	radians)	between	the	flux	of	the	magnets	and	the	flux	of	the	coils).	The	bottom	and	upper	coils	in	this	particular	case	have	a	phase	difference	of	90°,	making	this	a	two	phase	motor	(not	to	scale).	Synchronous	linear	motors
are	straightened	versions	of	permanent	magnet	rotor	motors.	A	linear	motor	is	an	electric	motor	that	has	had	its	stator	and	rotor	"unrolled",	thus,	instead	of	producing	a	torque	(rotation),	it	produces	a	linear	force	along	its	length.	However,	linear	motors	are	not	necessarily	straight.	Characteristically,	a	linear	motor's	active	section	has	ends,	whereas
more	conventional	motors	are	arranged	as	a	continuous	loop.	Linear	motors	are	used	by	the	millions	in	high	accuracy	CNC	machining	and	in	industrial	robots.	In	2024	this	market	was	USD	1.8	billion.[1][2][3][4][5]	A	typical	mode	of	operation	is	as	a	Lorentz-type	actuator,	in	which	the	applied	force	is	linearly	proportional	to	the	current	and	the
magnetic	field	(	F	→	=	I	L	→	×	B	→	)	{\displaystyle	({\vec	{F}}=I{\vec	{L}}\times	{\vec	{B}})}	.	Many	designs	have	been	put	forward	for	linear	motors,	falling	into	two	major	categories,	low-acceleration	and	high-acceleration	linear	motors.	Low-acceleration	linear	motors	are	suitable	for	maglev	trains	and	other	ground-based	transportation
applications.	High-acceleration	linear	motors	are	normally	rather	short,	and	are	designed	to	accelerate	an	object	to	a	very	high	speed;	for	example,	see	the	coilgun.	High-acceleration	linear	motors	are	used	in	studies	of	hypervelocity	collisions,	as	weapons,	or	as	mass	drivers	for	spacecraft	propulsion.[citation	needed]	They	are	usually	of	the	AC	linear
induction	motor	(LIM)	design	with	an	active	three-phase	winding	on	one	side	of	the	air-gap	and	a	passive	conductor	plate	on	the	other	side.	However,	the	direct	current	homopolar	linear	motor	railgun	is	another	high	acceleration	linear	motor	design.	The	low-acceleration,	high	speed	and	high	power	motors	are	usually	of	the	linear	synchronous	motor
(LSM)	design,	with	an	active	winding	on	one	side	of	the	air-gap	and	an	array	of	alternate-pole	magnets	on	the	other	side.	These	magnets	can	be	permanent	magnets	or	electromagnets.	The	motor	for	the	Shanghai	maglev	train,	for	instance,	is	an	LSM.	Brushless	linear	motors	are	members	of	the	Synchronous	motor	family.	They	are	typically	used	in
standard	linear	stages	or	integrated	into	custom,	high	performance	positioning	systems.	Invented	in	the	late	1980s	by	Anwar	Chitayat	at	Anorad	Corporation,	now	Rockwell	Automation,	and	helped	improve	the	throughput	and	quality	of	industrial	manufacturing	processes.[6]	Brushed	linear	motors	were	used	in	industrial	automation	applications	prior
to	the	invention	of	Brushless	linear	motors.	Compared	with	three	phase	brushless	motors,	which	are	typically	being	used	today,	brush	motors	operate	on	a	single	phase.[7]	Brush	linear	motors	have	a	lower	cost	since	they	do	not	need	moving	cables	or	three	phase	servo	drives.	However,	they	require	higher	maintenance	since	their	brushes	wear	out.	In
this	design	the	rate	of	movement	of	the	magnetic	field	is	controlled,	usually	electronically,	to	track	the	motion	of	the	rotor.	For	cost	reasons	synchronous	linear	motors	rarely	use	commutators,	so	the	rotor	often	contains	permanent	magnets,	or	soft	iron.	Examples	include	coilguns	and	the	motors	used	on	some	maglev	systems,	as	well	as	many	other
linear	motors.	In	high	precision	industrial	automation	linear	motors	are	typically	configured	with	a	magnet	stator	and	a	moving	coil.	A	Hall	effect	sensor	is	attached	to	the	rotor	to	track	the	magnetic	flux	of	the	stator.	The	electric	current	is	typically	provided	from	a	stationary	servo	drive	to	the	moving	coil	by	a	moving	cable	inside	a	cable	carrier.	A
typical	3	phase	linear	induction	motor.	An	aluminium	plate	on	top	often	forms	the	secondary	"rotor".	Main	article:	Linear	induction	motor	In	this	design,	the	force	is	produced	by	a	moving	linear	magnetic	field	acting	on	conductors	in	the	field.	Any	conductor,	be	it	a	loop,	a	coil	or	simply	a	piece	of	plate	metal,	that	is	placed	in	this	field	will	have	eddy
currents	induced	in	it	thus	creating	an	opposing	magnetic	field,	in	accordance	with	Lenz's	law.[8]	The	two	opposing	fields	will	repel	each	other,	thus	creating	motion	as	the	magnetic	field	sweeps	through	the	metal.	Railgun	schematic	Main	article:	Railgun	In	this	design	a	large	current	is	passed	through	a	metal	sabot	across	sliding	contacts	that	are	fed
by	two	rails.	The	magnetic	field	this	generates	causes	the	metal	to	be	projected	along	the	rails.	Main	article:	Tubular	linear	motor	Efficient	and	compact	design	applicable	to	the	replacement	of	pneumatic	cylinders.	Piezoelectric	motor	action	Main	article:	Piezoelectric	motor	§	Stepping	actions	Piezoelectric	drive	is	often	used	to	drive	small	linear
motors.	This	Line	6	Guangzhou	Metro	train	manufactured	by	CRRC	Sifang	and	Kawasaki	Heavy	Industries	propels	itself	using	an	aluminium	induction	strip	placed	between	the	rails.	The	history	of	linear	electric	motors	can	be	traced	back	at	least	as	far	as	the	1840s,	to	the	work	of	Charles	Wheatstone	at	King's	College	London,[9]	but	Wheatstone's
model	was	too	inefficient	to	be	practical.	A	feasible	linear	induction	motor	is	described	in	U.S.	patent	782,312	(1905	-	inventor	Alfred	Zehden	of	Frankfurt-am-Main),	for	driving	trains	or	lifts.	The	German	engineer	Hermann	Kemper	built	a	working	model	in	1935.[10]	In	the	late	1940s,	Dr.	Eric	Laithwaite	of	Manchester	University,	later	Professor	of
Heavy	Electrical	Engineering	at	Imperial	College	in	London	developed	the	first	full-size	working	model.	In	a	single	sided	version	the	magnetic	repulsion	forces	the	conductor	away	from	the	stator,	levitating	it,	and	carrying	it	along	in	the	direction	of	the	moving	magnetic	field.	He	called	the	later	versions	of	it	magnetic	river.	The	technologies	would
later	be	applied,	in	the	1984,	Air-Rail	Link	shuttle,	between	Birmingham's	airport	and	an	adjacent	train	station.	A	linear	motor	for	trains	running	Toei	Ōedo	Line	Because	of	these	properties,	linear	motors	are	often	used	in	maglev	propulsion,	as	in	the	Japanese	Linimo	magnetic	levitation	train	line	near	Nagoya.	However,	linear	motors	have	been	used
independently	of	magnetic	levitation,	as	in	the	Bombardier	Innovia	Metro	systems	worldwide	and	a	number	of	modern	Japanese	subways,	including	Tokyo's	Toei	Ōedo	Line.	Similar	technology	is	also	used	in	some	roller	coasters	with	modifications	but,	at	present,	is	still	impractical	on	street	running	trams,	although	this,	in	theory,	could	be	done	by
burying	it	in	a	slotted	conduit.	Outside	of	public	transportation,	vertical	linear	motors	have	been	proposed	as	lifting	mechanisms	in	deep	mines,	and	the	use	of	linear	motors	is	growing	in	motion	control	applications.	They	are	also	often	used	on	sliding	doors,	such	as	those	of	low	floor	trams	such	as	the	Alstom	Citadis	and	the	Socimi	Eurotram.	Dual	axis
linear	motors	also	exist.	These	specialized	devices	have	been	used	to	provide	direct	X-Y	motion	for	precision	laser	cutting	of	cloth	and	sheet	metal,	automated	drafting,	and	cable	forming.	Most	linear	motors	in	use	are	LIM	(linear	induction	motor),	or	LSM	(linear	synchronous	motor).	Linear	DC	motors	are	not	used	due	to	their	higher	cost	and	linear
SRM	suffers	from	poor	thrust.	So	for	long	runs	in	traction	LIM	is	mostly	preferred	and	for	short	runs	LSM	is	mostly	preferred.	Close-up	of	the	flat	passive	conductor	surface	of	a	motion	control	Sawyer	motor	High-acceleration	linear	motors	have	been	suggested	for	a	number	of	uses.	They	have	been	considered	for	use	as	weapons,	since	current
armour-piercing	ammunition	tends	to	consist	of	small	rounds	with	very	high	kinetic	energy,	for	which	just	such	motors	are	suitable.	Many	amusement	park	launched	roller	coasters	now	use	linear	induction	motors	to	propel	the	train	at	a	high	speed,	as	an	alternative	to	using	a	lift	hill.	The	United	States	Navy	is	also	using	linear	induction	motors	in	the
Electromagnetic	Aircraft	Launch	System	that	will	replace	traditional	steam	catapults	on	future	aircraft	carriers.	They	have	also	been	suggested	for	use	in	spacecraft	propulsion.	In	this	context	they	are	usually	called	mass	drivers.	The	simplest	way	to	use	mass	drivers	for	spacecraft	propulsion	would	be	to	build	a	large	mass	driver	that	can	accelerate
cargo	up	to	escape	velocity,	though	RLV	launch	assist	like	StarTram	to	low	Earth	orbit	has	also	been	investigated.	High-acceleration	linear	motors	are	difficult	to	design	for	a	number	of	reasons.	They	require	large	amounts	of	energy	in	very	short	periods	of	time.	One	rocket	launcher	design[11]	calls	for	300	GJ	for	each	launch	in	the	space	of	less	than
a	second.	Normal	electrical	generators	are	not	designed	for	this	kind	of	load,	but	short-term	electrical	energy	storage	methods	can	be	used.	Capacitors	are	bulky	and	expensive	but	can	supply	large	amounts	of	energy	quickly.	Homopolar	generators	can	be	used	to	convert	the	kinetic	energy	of	a	flywheel	into	electric	energy	very	rapidly.	High-
acceleration	linear	motors	also	require	very	strong	magnetic	fields;	in	fact,	the	magnetic	fields	are	often	too	strong	to	permit	the	use	of	superconductors.	However,	with	careful	design,	this	need	not	be	a	major	problem.[12]	Two	different	basic	designs	have	been	invented	for	high-acceleration	linear	motors:	railguns	and	coilguns.	Linear	motors	are
widely	used	to	actuate	high-performance	industrial	automation	equipment.	Their	principal	advantage	is	the	ability	to	deliver	any	combination	of	high	precision,	high	velocity,	high	force,	and	long	travel.	Compared	to	traditional	rotary	motor	and	screw-driven	systems,	linear	motors	offer	direct-drive	operation,	eliminating	backlash	and	reducing
maintenance	requirements.[2][3]	One	of	the	earliest	industrial	applications	of	linear	motors	was	in	looms,	where	they	were	used	to	propel	the	shuttle	rapidly	across	the	weave.	In	modern	settings,	linear	motors	are	extensively	deployed	in	CNC	machines,	pick-and-place	systems,	semiconductor	steppers,	and	high-speed	cartesian	coordinate	robots.[13]
[2][4][14]	Linear	motors	are	also	used	in	consumer	and	infrastructure	applications.	These	include	powering	sliding	doors,	baggage	handling	systems,	and	large-scale	bulk	materials	transport	systems	such	as	conveyor	belts	or	transfer	carts.[3]	In	large	observatory	telescopes,	such	as	the	European	Extremely	Large	Telescope	(ELT),	hybrid	actuators
combining	linear	motors	and	piezoelectric	elements	are	employed	for	precise	positioning	of	mirror	segments.	These	actuators	offer	high	force	and	nanometer-level	precision,	essential	for	maintaining	the	optical	alignment	of	the	telescope's	segmented	primary	mirror.[15]	Linear	motors	may	also	be	used	as	an	alternative	to	conventional	chain-run	lift
hills	for	roller	coasters.	The	coaster	Maverick	at	Cedar	Point	uses	one	such	linear	motor	in	place	of	a	chain	lift.	A	linear	motor	has	been	used	to	accelerate	cars	for	crash	tests.[16]	The	combination	of	high	precision,	high	velocity,	high	force,	and	long	travel	makes	brushless	linear	motors	attractive	for	driving	industrial	automations	equipment.	They
serve	industries	and	applications	such	as	semiconductor	steppers,	electronics	surface-mount	technology,	automotive	cartesian	coordinate	robots,	aerospace	chemical	milling,	optics	electron	microscope,	healthcare	laboratory	automation,	food	and	beverage	pick	and	place.[3]	Synchronous	linear	motor	actuators,	used	in	machine	tools	and	industrial
automation,	provide	high	force,	high	velocity,	high	precision,	and	high	dynamic	stiffness.	These	characteristics	enable	zero-backlash	motion,	low	settling	time,	and	exceptional	smoothness	of	movement.	Modern	systems	can	achieve	velocities	of	2	m/s	or	more,	with	micron-level	positioning	accuracy	and	fast	cycle	times,	contributing	to	superior	surface
finishes	and	throughput.[2][3]	Haptech	Inc.	uses	electromagnetic	linear	motors	in	a	proprietary	application	for	military	weapons	training	that	provides	high-fidelity	&	cost-effective	instruction	to	soldiers.	These	motors	provide	realistic	recoil	and	other	haptic	feedback	to	the	training	devices	which	enhance	the	experience	while	offering	precise
simulation	for	training	purposes.	For	their	use	in	military	training,	these	products	are	the	only	viable	electronic	solution	that	does	not	force	users	to	adapt	to	the	training	device.	All	of	the	following	applications	are	in	rapid	transit	and	have	the	active	part	of	the	motor	in	the	cars.[17][18]	Main	article:	Bombardier	Innovia	Metro	Originally	developed	in
the	late	1970s	by	UTDC	in	Canada	as	the	Intermediate	Capacity	Transit	System	(ICTS).	A	test	track	was	constructed	in	Millhaven,	Ontario,	for	extensive	testing	of	prototype	cars,	after	which	three	lines	were	constructed:	Line	3	Scarborough	in	Toronto	(opened	1985;	closed	2023)[19]	Expo	Line	of	the	Vancouver	SkyTrain	(opened	1985	and	extended
in	1994)	Detroit	People	Mover	in	Detroit	(opened	1987)	ICTS	was	sold	to	Bombardier	Transportation	in	1991	and	later	known	as	Advanced	Rapid	Transit	(ART)	before	adopting	its	current	branding	in	2011.	Since	then,	several	more	installations	have	been	made:	Kelana	Jaya	Line	in	Kuala	Lumpur	(opened	1998	and	extended	in	2016)	Millennium	Line
of	the	Vancouver	SkyTrain	(opened	2002	and	extended	in	2016)	AirTrain	JFK	in	New	York	(opened	2003)	Airport	Express	(Beijing	Subway)	(opened	2008)	Everline	in	Yongin,	South	Korea	(opened	2013)	All	Innovia	Metro	systems	use	third	rail	electrification.	One	of	the	biggest	challenges	faced	by	Japanese	railway	engineers	in	the	1970s	to	the	1980s
was	the	ever	increasing	construction	costs	of	subways.	In	response,	the	Japan	Subway	Association	began	studying	on	the	feasibility	of	the	"mini-metro"	for	meeting	urban	traffic	demand	in	1979.	In	1981,	the	Japan	Railway	Engineering	Association	studied	on	the	use	of	linear	induction	motors	for	such	small-profile	subways	and	by	1984	was
investigating	on	the	practical	applications	of	linear	motors	for	urban	rail	with	the	Japanese	Ministry	of	Land,	Infrastructure,	Transport	and	Tourism.	In	1988,	a	successful	demonstration	was	made	with	the	Limtrain	at	Saitama	and	influenced	the	eventual	adoption	of	the	linear	motor	for	the	Nagahori	Tsurumi-ryokuchi	Line	in	Osaka	and	Toei	Line	12
(present-day	Toei	Oedo	Line)	in	Tokyo.[20]	To	date,	the	following	subway	lines	in	Japan	use	linear	motors	and	use	overhead	lines	for	power	collection:	Two	Osaka	Metro	lines	in	Osaka:	Nagahori	Tsurumi-ryokuchi	Line	(opened	1990)	Imazatosuji	Line	(opened	2006)	Toei	Ōedo	Line	in	Tokyo	(opened	2000)	Kaigan	Line	of	the	Kobe	Municipal	Subway
(opened	2001)	Nanakuma	Line	of	the	Fukuoka	City	Subway	(opened	2005)	Yokohama	Municipal	Subway	Green	Line	(opened	2008)	Sendai	Subway	Tōzai	Line	(opened	2015)	In	addition,	Kawasaki	Heavy	Industries	has	also	exported	the	Linear	Metro	to	the	Guangzhou	Metro	in	China;[21]	all	of	the	Linear	Metro	lines	in	Guangzhou	use	third	rail
electrification:	Line	4	(opened	2005)	Line	5	(opened	2009).	Line	6	(opened	2013)	Main	article:	Monorail	This	article	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"Linear	motor"	–	news	·	newspapers	·	books	·	scholar	·
JSTOR	(July	2009)	(Learn	how	and	when	to	remove	this	message)	There	is	at	least	one	known	monorail	system	which	is	not	magnetically	levitated,	but	nonetheless	uses	linear	motors.	This	is	the	Moscow	Monorail.	Originally,	traditional	motors	and	wheels	were	to	be	used.	However,	it	was	discovered	during	test	runs	that	the	proposed	motors	and
wheels	would	fail	to	provide	adequate	traction	under	some	conditions,	for	example,	when	ice	appeared	on	the	rail.	Hence,	wheels	are	still	used,	but	the	trains	use	linear	motors	to	accelerate	and	slow	down.	This	is	possibly	the	only	use	of	such	a	combination,	due	to	the	lack	of	such	requirements	for	other	train	systems.	The	TELMAGV	is	a	prototype	of
a	monorail	system	that	is	also	not	magnetically	levitated	but	uses	linear	motors.	Main	article:	Maglev	(transport)	The	Birmingham	International	Maglev	shuttle	High-speed	trains:	Transrapid:	first	commercial	use	in	Shanghai	(opened	in	2004)	SCMaglev,	under	construction	in	Japan	(fastest	train	in	the	world,	planned	to	open	by	2027)	Rapid	transit:
Birmingham	Airport,	UK	(opened	1984,	closed	1995)	M-Bahn	in	Berlin,	Germany	(opened	in	1989,	closed	in	1991)	Daejeon	EXPO,	Korea	(ran	only	1993)[22]	HSST:	Linimo	line	in	Aichi	Prefecture,	Japan	(opened	2005)	Incheon	Airport	Maglev	(opened	July	2014)	Changsha	Maglev	Express	(opened	2016)	S1	line	of	Beijing	Subway	(opened	2017)	Main
article:	List	of	amusement	rides	There	are	many	roller	coasters	throughout	the	world	that	use	LIMs	to	accelerate	the	ride	vehicles.	The	first	being	Flight	of	Fear	at	Kings	Island	and	Kings	Dominion,	both	opening	in	1996.	Battlestar	Galactica:	Human	VS	Cylon	&	Revenge	of	the	Mummy	at	Universal	Studios	Singapore	opened	in	2010.	They	both	use
LIMs	to	accelerate	from	certain	point	in	the	rides.	Revenge	of	the	Mummy	(located	at	both	Universal	Studios	Hollywood	and	Universal	Studios	Florida),	Hagrid's	Magical	Creatures	Motorbike	Adventure,	and	VelociCoaster	at	Universal	Islands	of	Adventure	use	linear	motors.	At	Walt	Disney	World,	Rock	'n'	Roller	Coaster	Starring	Aerosmith	at	Disney's
Hollywood	Studios	and	Guardians	of	the	Galaxy:	Cosmic	Rewind	at	Epcot	both	use	LSM	to	launch	their	ride	vehicles	into	their	indoor	ride	enclosures.	In	2023	a	hydraulic	launch	roller	coaster,	Top	Thrill	Dragster	at	Cedar	Point	in	Ohio,	USA,	was	renovated	and	the	hydraulic	launch	replaced	with	a	weaker	multi-launch	system	using	LSM,	that	creates
less	g-force.	Electromagnetic	Aircraft	Launch	System	Launch	loop	–	A	proposed	system	for	launching	vehicles	into	space	using	a	linear	motor	powered	loop	StarTram	–	Concept	for	a	linear	motor	on	extreme	scale	Tether	cable	catapult	system	Aérotrain	S44	–	A	suburban	commuter	hovertrain	prototype	Research	Test	Vehicle	31	–	A	hovercraft-type
vehicle	guided	by	a	track	Hyperloop	–	a	conceptual	high-speed	transportation	system	put	forward	by	entrepreneur	Elon	Musk	Elevator	"ThyssenKrupp	Elevator:	ThyssenKrupp	develops	the	world's	first	rope-free	elevator	system	to	enable	the	building	industry	face	the	challenges	of	global	urbanization".	Archived	from	the	original	on	2016-03-03.
Retrieved	2015-06-02.	Lift	"Technology:	Linear	Synchronous	Motor	Elevators	Become	a	Reality".	Archived	from	the	original	on	2015-03-30.	Retrieved	2015-06-02.	Magway	-	a	UK	freight	delivery	system	under	research	and	development	that	aims	to	deliver	goods	in	pods	via	90	cm	diameter	pipework	under	and	over	ground.	Linear	actuator	Linear
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Maglev.de.	Retrieved	2010-03-01.	Wikimedia	Commons	has	media	related	to	Linear	motors.	Design	equations,	spreadsheet,	and	drawings	Motor	torque	calculation	Overview	of	Electromagnetic	Guns	Retrieved	from	"	Have	you	ever	thought	of	a	motion	that’s	direct,	perfect,	and	continuous?	Enter	linear	electric	motors,	the	engineering	marvels	driving
a	new	technological	era.	These	motors	provide	linear	motion	that	is	transforming	industries,	whether	propelling	high-speed	trains	or	placing	components	with	pinpoint	precision.	Let’s	explore	their	design,	industrial	impact,	and	the	innovative	ways	they’re	shaping	the	future.A	linear	electric	motor	operates	on	electromagnetic	principles	by
reconfiguring	the	traditional	stator	and	rotor	of	a	rotary	motor	into	a	linear	arrangement.	The	stator,	typically	composed	of	a	series	of	coils	or	magnets,	acts	as	a	stationary	track,	while	the	moving	part,	known	as	the	forcer,	slides	along	it.	When	current	passes	through	the	coils,	a	magnetic	field	is	generated.	This	field	interacts	with	the	magnets	or
conductors	in	the	forcer,	producing	a	force	that	drives	motion.	This	direct-drive	mechanism	eliminates	the	need	for	gears,	belts,	or	screws,	reducing	mechanical	complexity	and	wear.There	are	several	types	of	linear	motors	tailored	for	different	applications.	Linear	induction	motors	(LIMs)	induce	currents	in	a	conductive	plate	to	create	motion,	making
them	ideal	for	high-speed	transport	systems.	Linear	synchronous	motors	(LSMs),	which	use	permanent	magnets,	offer	high	accuracy	and	repeatability.	On	a	smaller	scale,	piezoelectric	and	voice	coil	motors	excel	at	micro-positioning	tasks.	Whether	used	for	rapid	acceleration	or	high-force	precision	tasks,	these	motors	are	remarkably
adaptable.Industries	have	embraced	linear	electric	motors	for	their	simplicity	and	efficiency.	By	eliminating	mechanical	components	such	as	gears,	these	motors	reduce	friction,	lower	maintenance	needs,	and	minimize	downtime.	This	enhanced	reliability	translates	into	substantial	cost	savings,	especially	in	high-demand	environments.Precision	is
another	critical	advantage.	Linear	motors	offer	sub-micron	positioning	accuracy,	enabling	breakthroughs	in	automation	and	manufacturing.	Their	direct-drive	design	provides	quick	response	times	and	smooth	motion	without	the	backlash	typically	seen	in	mechanical	linkages.	This	precision	accelerates	production	and	enables	complex	operations	like
semiconductor	fabrication.From	an	environmental	perspective,	linear	motors	are	energy-efficient	alternatives	to	traditional	pneumatic	or	hydraulic	systems.	They	reduce	power	consumption	and	eliminate	issues	related	to	fluid	leaks.	Their	compact	size	and	low	weight	further	contribute	to	system	efficiency,	making	them	a	cornerstone	of	sustainable
innovation.At	the	heart	of	a	linear	motor	lies	its	electromagnetic	operation.	In	a	linear	induction	motor,	alternating	current	in	the	stator	coils	generates	a	traveling	magnetic	field.	This	field	induces	currents	in	the	conductive	forcer,	which	then	produces	a	secondary	magnetic	field.	The	interaction	between	these	fields	results	in	motion.In	a	linear
synchronous	motor,	the	forcer	contains	permanent	magnets	or	electromagnets	that	synchronize	with	the	stator’s	magnetic	field,	allowing	precise	and	coordinated	motion.The	absence	of	mechanical	intermediaries	enhances	efficiency	but	demands	advanced	control	systems.	Technologies	like	pulse-width	modulation	(PWM)	and	feedback	sensors
regulate	current	and	monitor	position,	ensuring	smooth	and	accurate	movement.	In	high-power	applications,	cooling	systems	such	as	air	or	liquid	cooling	maintain	performance	by	managing	heat.Image:	ironless	linear	motorLinear	electric	motors	power	a	wide	range	of	applications,	from	advanced	transportation	to	everyday	devices.	Maglev	trains,
like	Japan’s	SCMaglev,	use	linear	synchronous	motors	to	levitate	and	propel	trains	at	speeds	exceeding	500	km/h.	In	manufacturing,	linear	motors	drive	CNC	machines,	semiconductor	tools,	and	3D	printers,	providing	the	precision	required	for	intricate	tasks.Robotics	greatly	benefits	from	the	use	of	linear	motors,	enabling	fast	and	accurate
movements	in	assembly	lines	and	automated	systems.	In	healthcare,	they	are	used	in	MRI	machines	and	laboratory	automation	systems	where	quiet,	reliable	linear	displacement	is	essential.	Even	the	entertainment	industry	leverages	this	technology	–	linear	induction	motors	launch	roller	coasters	at	thrilling	speeds.Smaller-scale	applications	include
train	door	actuators,	conveyor	systems	in	logistics,	and	high-fidelity	speaker	systems,	proving	their	versatility	and	importance	in	modern	engineering.Linear	motors	are	truly	engineering	masterpieces,	offering	direct,	efficient,	and	precise	motion.	By	eliminating	mechanical	complexities,	they	have	revolutionized	industries	from	high-speed
transportation	to	delicate	medical	equipment.	Their	benefits	in	terms	of	cost,	sustainability,	and	performance	continue	to	expand,	positioning	linear	motors	as	foundational	elements	in	the	future	of	intelligent,	smooth,	and	energy-efficient	motion	systems.	EXPAND	YOUR	KNOWLEDGE	AND	STAY	CONNECTED	Get	the	latest	info	on	technologies,	tools
and	strategies	for	Design	Engineering	Professionals.	by	Chris	Woodford.	Last	updated:	January	5,	2025.	Have	you	seen	those	extraordinary	"maglev"	(magnetic	levitation)	trains	that	float	on	air	instead	of	rolling	on	wheels?	They're	entirely	electric	but,	instead	of	using	ordinary	electric	motors	that	spin	around,	they	use	a	kind	of	"unwrapped"	motor
called	a	linear	motor	that	causes	them	to	move	at	high	speed	in	a	straight	line.	What	are	linear	motors	and	how	do	they	work?	Let's	take	a	closer	look!	Photo:	Linear	motors	have	many	peaceful	uses,	but	they	can	also	be	used	to	accelerate	projectiles	in	electromagnetic	railguns	like	this	one.	The	muzzle	velocity	here	is	a	blistering	2520	meters	per
second	(~9100	kph	or	5640	mph)!	Picture	courtesy	of	US	Navy	and	Wikimedia	Commons.	Contents	Linear	motors	are	electric	induction	motors	that	produce	motion	in	a	straight	line	rather	than	rotational	motion.	In	a	traditional	electric	motor,	the	rotor	(rotating	part)	spins	inside	the	stator	(static	part);	in	a	linear	motor,	the	stator	is	unwrapped	and
laid	out	flat	and	the	"rotor"	moves	past	it	in	a	straight	line.	Linear	motors	often	use	superconducting	magnets,	which	are	cooled	to	low	temperatures	to	reduce	power	consumption.	The	basic	principle	behind	the	linear	motor	was	discovered	in	1895,	but	practical	devices	were	not	developed	until	1947.	During	the	1950s,	British	electrical	engineer	Eric
Laithwaite	(1921–1997)	started	to	consider	whether	linear	motors	could	be	used	in	electric	weaving	machines.	Laithwaite's	research	at	Imperial	College,	London	attracted	international	recognition	in	the	1960s	following	a	speech	to	the	Royal	Institution	entitled	"Electrical	Machines	of	the	Future."	Photo:	NASA	tests	a	linear	motor	on	a	prototype
Maglev	railroad,	1999.	Tracks	like	this	could	be	used	to	launch	vehicles	into	space	in	future.	According	to	NASA:	"A	full-scale,	operational	track	would	be	about	1.5-miles	long	and	capable	of	accelerating	a	vehicle	to	965	kph	(600	mph)	in	9.5	seconds."	Picture	courtesy	of	NASA	Marshall	Space	Flight	Center	(NASA-MSFC)	and	Internet	Archive.	Linear
motors	are	now	used	in	all	sorts	of	machines	that	require	linear	(as	opposed	to	rotational)	motion,	including	overhead	traveling	cranes	and	beltless	conveyors	for	moving	sheet	metal.	They	are	probably	best	known	as	the	source	of	motive	power	in	the	latest	generation	of	high-speed	"maglev"	(magnetic	levitation)	trains,	which	promise	safe	travel	at
very	high	speeds	but	are	expensive	and	incompatible	with	existing	railroads.	Most	research	on	maglev	trains	has	been	carried	out	in	Japan	and	Germany.	How	linear	motors	work	In	a	traditional	DC	electric	motor,	a	central	core	of	tightly	wrapped	magnetic	material	(known	as	the	rotor)	spins	at	high	speed	between	the	fixed	poles	of	a	magnet	(known
as	the	stator)	when	an	electric	current	is	applied.	In	an	AC	induction	motor,	electromagnets	positioned	around	the	edge	of	the	motor	are	used	to	generate	a	rotating	magnetic	field	in	the	central	space	between	them.	This	"induces"	(produces)	electric	currents	in	a	rotor,	causing	it	to	spin.	In	an	electric	car,	DC	or	AC	motors	like	these	are	used	to	drive
gears	and	wheels	and	convert	rotational	motion	into	motion	in	a	straight	line.	Photo:	An	ordinary	electric	motor	is	all	about	rotation:	the	rotor	(the	coils	in	the	center)	turns	inside	the	stator	(the	outer	magnetic	case).	Induction	motors	unwrapped	A	linear	motor	is	effectively	an	AC	induction	motor	that	has	been	cut	open	and	unwrapped.	The	"stator"	is
laid	out	in	the	form	of	a	track	of	flat	coils	made	from	aluminum	or	copper	and	is	known	as	the	"primary"	of	a	linear	motor.	The	"rotor"	takes	the	form	of	a	moving	platform	known	as	the	"secondary."	When	the	current	is	switched	on,	the	secondary	glides	past	the	primary	supported	and	propelled	by	a	magnetic	field.	Artwork:	Top:	Normal	motor:	The
rotor	spins	inside	the	stator	and	the	whole	motor	is	fixed	in	place.	Bottom:	A	linear	motor	is	like	a	normal	electric	motor	that	has	been	unwrapped	and	laid	in	a	straight	line.	Now	the	rotor	moves	past	the	stator	as	it	turns.	That's	the	very	simplified	theory;	this	is	what	a	linear	motor	looks	like	in	a	practice:	Artwork:	The	basic	construction	of	a	linear
motor.	The	blue	"rotor"	is	a	flat	sheet	that	shoots	along	the	red	"stator"	(comprising	the	magnetic	material	and	electromagnetic	windings),	floating	or	"levitating"	on	the	air	gap	between	them.	Artwork	from	US	Patent#4,040,983:	Electromagnetic	levitation	by	Alan	Attwood	and	Eric	Laithwaite,	September	20,	1977,	courtesy	of	US	Patent	and
Trademark	Office.	Linear	motors	have	a	number	of	advantages	over	ordinary	motors.	Most	obviously,	there	are	no	moving	parts	to	go	wrong.	As	the	platform	rides	above	the	track	on	a	cushion	of	air,	there	is	no	loss	of	energy	to	friction	or	vibration	(but	because	the	air-gap	is	greater	in	a	linear	motor,	more	power	is	required	and	the	efficiency	is
lower).	The	lack	of	an	intermediate	gearbox	to	convert	rotational	motion	into	straight-line	motion	saves	energy.	Finally,	as	both	acceleration	and	braking	are	achieved	through	electromagnetism,	linear	motors	are	much	quieter	than	ordinary	motors.	Superconducting	magnets	The	main	problem	with	linear	motors	has	been	the	cost	and	difficulty	of
developing	suitable	electromagnets.	Enormously	powerful	electromagnets	are	required	to	levitate	(lift)	and	move	something	as	big	as	a	train,	and	these	typically	consume	substantial	amounts	of	electric	power.	Linear	motors	often	now	use	superconducting	magnets	to	solve	this	problem.	If	electromagnets	are	cooled	to	low	temperatures	using	liquid
helium	or	nitrogen	their	electrical	resistance	disappears	almost	entirely,	which	reduces	power	consumption	considerably.	This	helpful	effect,	known	as	superconductivity,	has	been	the	subject	of	intense	research	since	the	mid	1980s	and	makes	large-scale	linear	motors	that	much	more	viable.	Photo:	Linear	motor	warfare?	Here's	the	US	Navy's
prototype	railgun	seen	from	the	side.	It's	been	in	development	for	over	a	decade	and	has	reputedly	cost	$500	million	so	far.	Photo	by	John	F.	Williams	courtesy	of	US	Navy.	Everyone	knows	that	the	"like"	poles	of	two	magnets	repel	one	another.	With	a	little	ingenuity,	it	is	possible	to	make	one	magnet	levitate	(float)	above	another	one	using	this
repulsive	force	and	(crucially)	some	additional	external	support.	The	idea	of	using	electromagnetic	levitation	to	support	a	moving	vehicle	was	first	proposed	in	1912	by	French	engineer	Émile	Bachelet,	but	soon	abandoned	due	to	the	enormous	amount	of	electrical	power	required.	Photo:	NASA	tests	a	prototype	Maglev	railroad,	2001.	Picture	courtesy
of	NASA	Marshall	Space	Flight	Center	(NASA-MSFC).	In	the	1960s,	Eric	Laithwaite's	research	into	linear	motors	led	to	renewed	interest	in	the	idea	of	a	magnetically	levitated	or	"maglev"	train.	Around	this	time	MIT	scientist	Henry	Kolm	proposed	a	"magplane"	running	on	rails	that	could	carry	20,000	people	at	320	kph	(200	mph).	This	prompted	a	US
Department	of	Transportation	research	program,	which	led	to	a	working	prototype	called	LIMTV	(Linear	Induction	Motor	Test	Vehicle),	built	by	the	Garrett	Corporation.	Tested	on	a	10-km	(6.2-mile)	track	at	Pueblo,	Colorado	in	the	early	1970s,	it	notched	up	a	speed	record	of	391	km/h	(243	mph).	[1]	However,	the	US	program	ran	into	political
difficulties	and	was	shelved	in	1975.	The	early	1990s	brought	an	ambitious	proposal	to	link	Las	Vegas,	Los	Angeles,	San	Diego,	and	San	Francisco	with	a	maglev	railroad,	but	that	project	ran	into	more	political	problems.	Various	proposals	have	since	been	put	forward	for	other	West-Coast	maglev	projects,	though	none	have	yet	been	built.	By	contrast,
maglev	has	been	enthusiastically	developed	by	Germany	(using	a	system	called	Transrapid)	and	Japan	(with	a	rival	technology	known	as	SCMaglev).	Photo:	LIMTV	being	tested	in	Colorado	in	March	1973.	Photo	by	Bruce	McAllister	courtesy	of	US	EPA,	National	Archives,	and	Wikimedia	Commons.	Transrapid	German	engineers	first	produced	a
working	prototype	in	1971	and	developed	the	Transrapid	system	a	year	later.	Strictly	speaking,	the	Transrapid	uses	magnetic	attraction	rather	than	the	magnetic	repulsion	normally	associated	with	maglev:	the	copper	magnets	are	fixed	to	a	"skirt"	that	runs	underneath,	and	is	attracted	up	toward,	the	steel	track.	With	considerable	support	from	the
German	government,	Transrapid	has	been	progressively	refined	into	a	viable	train	that	can	reach	speeds	of	up	to	433	kph	(271	mph).	Decades	of	investment	and	development	finally	paid	off	in	2004,	when	Transrapid	opened	the	world's	first	(and	so	far	only)	high-speed	system,	the	Shanghai	Maglev	Train	(SMT),	in	China.	Although	it	currently	operates
on	only	a	short	section	of	track	(a	mere	31km	or	19	miles	long),	there	have	been	several	plans	to	extend	it,	though	they	have	repeatedly	been	shelved.	Photo:	A	Maglev	train	using	linear	motor	technology.	Picture	courtesy	of	US	Department	of	Energy/Argonne	National	Laboratory	SCMaglev	The	Japanese	have	been	even	bolder	and	have	long	hoped	to
develop	a	high-speed	maglev	train	that	can	travel	the	320	miles	(515	km)	from	Tokyo	to	Osaka	in	just	one	hour.	Unlike	the	German	Transrapid,	the	Japanese	system	is	genuine	maglev:	the	train	floats	on	the	repulsive	force	between	the	copper	or	aluminum	coils	in	the	track	and	a	series	of	helium-cooled,	niobium-titanium	superconducting	magnets	in
the	cars	(hence	the	name	SCMaglev,	where	SC	stands	for	"superconducting").	The	Japanese	prototype	ML-500	train	achieved	a	train	speed	record	of	513	kph	(321	mph)	in	1979.	A	later	prototype	known	as	the	MLU002	was	destroyed	by	fire	in	1991;	a	firefighter	apparently	found	his	ax	pulled	from	his	hand	by	one	of	the	superconducting	magnets	as
he	approached	the	burning	train!	Despite	this	setback,	development	continued.	By	2015,	SCMaglev	had	been	perfected	to	the	point	where	it	clocked	up	a	record-breaking	speed	of	603	kph	(375	mph)—making	it	the	fastest	rail	vehicle	in	the	world.	Even	though	the	Japanese	government	has	declared	SCMaglev	ready	for	commercial	operation,	unlike
Transrapid,	it's	yet	to	be	deployed	on	any	working	railway	anywhere	in	the	world.	Hopefully,	that	will	change	with	the	opening	of	the	Chuo	Shinkansen	SCMaglev	rail	line	between	Tokyo	and	Nagoya	(and	eventually	Osaka),	currently	under	construction	and	expected	to	begin	operation	in	2027.	Future	prospects	Although	maglev	technology	continues
to	generate	a	great	deal	of	interest	around	the	world,	it	is	still	more	expensive	mile-for-mile	than	building	a	traditional	high-speed	railroad.	For	this	reason	(and	also	because	it's	completely	incompatible	with	existing	railroads),	it's	unlikely	to	be	widely	used	for	some	years.	Tech	writers	and	children's	science	books	have	been	flagging	up	maglev	as	a
promising	technology	of	the	future	since	at	least	the	1970s;	on	past	form	at	least,	it's	perfectly	possible	that	maglev	will	always	be	just	over	the	horizon—the	train	that	never	actually	arrives.	Even	though	the	Japanese	are	now	finally	constructing	a	major	maglev	line,	it	remains	to	be	seen	whether	they	can	persuade	other	countries	to	buy	into	the
technology.	Alternative	designs	Trains	powered	by	linear	motors	have	been	touted	as	a	promising	technology	for	decades.	Not	all	of	them	work	using	the	"maglev"	principle,	however.	Here's	a	system	patented	in	the	1960s	by	Millard	Smith	and	Marion	Roberts,	which	they	claimed	"is	capable	of	traveling	at	speeds	in	excess	of	100	miles	per	hour
silently	and	with	minimal	vibration	in	a	manner	superior	to	any	commercial	rail	vehicle	now	operating."	Artwork:	Illustration	from	US	Patent#3,233,559:	Transportation	means	by	Marion	L.	Roberts	and	Millard	F.	Smith,	courtesy	of	US	Patent	and	Trademark	Office,	with	colors	added	for	clarity	These	two	diagrams	show	how	it	works.	On	the	left:	This
version	of	their	design	uses	two	relatively	conventional	rails	(red)	with	a	third,	magnetic	power	rail	(green)	added	between	them.	The	diagram	on	the	right	illustrates	how	it	works:	the	train	(blue,	10)	rides	on	shoes	(orange,	13),	held	a	few	millimeters	(a	fraction	of	an	inch)	above	the	outer	rails	of	the	track	(red,	12)	by	a	cushion	of	compressed	air	(15).
The	third	rail	is	a	linear	motor	using	wire-wound	electromagnets	(21)	mounted	to	the	underside	of	the	train	to	propel	it	past	the	static	rail	(11),	which	is	made	from	copper	or	aluminum.	Although	this	system	uses	a	linear	motor,	it's	not	actually	a	maglev	because	the	train	isn't	levitated	by	magnetism.	Chris	Woodford	is	the	author	and	editor	of	dozens
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